Humification is considered to be a global process that is implemented in soils and organic sediments and also in natural water and air. e term "suspended soils" has become increasingly common in recent years. Suspended soils are defined as the part of the organic matter that has not undergone the full decomposition process and has not turned into the humus of terrestrial soils. Suspended soils were shown to contain higher total nitrogen, phosphorus, and potassium contents than the forest soil, but the moisture content in suspended soils was significantly lower. Our study of the structural composition of humic substances in suspended soils was conducted with an aim of evaluating the humification rates and structural composition of humic acids in the suspended soil in tropical forests of South Vietnam. Soil samples from three selected areas were investigated: the soil under phorophytes (mineral soil presented by samples of topsoil of the typical dry savanna landscape) and two soils from epiphytous formations. Samples were collected from savanna-type sparse communities, located on oligotrophous plains in Phú Quốc Island (South Vietnam) in 2015. General properties of the soil and the elemental composition of suspended soils were determined, and the humic substance chemical composition was evaluated using solid state 13 C-NMR. Data obtained showed that the pH of the soils under phorophytes was higher than in the suspended soils; basal respiration did not tend to change indices between soils under phorophytes and suspended soils, but the suspended soil was less enriched by nitrogen than the soil under phorophytes.
Introduction
Humification is considered to be a global process that is implemented in soils and organic sediments and also in natural water and air [1, 2] . is universal process of transforming precursors of humification and polymerization of oligomer and monomer molecules into dark colored, high-molecularweight supermolecules has been described in terms of organic chemistry [3, 4] , environmental dynamics [5, 6] , and various zonal soil dynamics [7] [8] [9] . In this context, investigation of the humification phenomenon in the suspended soil in tropical forests became an essential task that can be discussed as underestimated in humiomic science. e term "suspended soils" has become increasingly common in recent years. Suspended soils are defined as the part of the organic matter that has not undergone the full detritization and decomposition process and has not turned into humus in terrestrial soils [10] . Detritization is an important process in tropical forest ecosystems, providing a cycle of substances. e rate of organic matter decomposition is often dependent on climatic conditions such as temperature and precipitation [11] , the quality of the decomposing material, and the species composition of the decomposer community.
is process begins with aging of leaves, followed by leaf fall and sedimentation of litter in the forest [12] . However, if this sequence is not followed, organic matter does not enter the litter at the same time, but rather it accumulates on the surface of the forest obstacles. Such soils can exist for a long time in the form of undecomposed organic matter that is stabilized by various kinds of epiphytes, and the rate of organic matter decomposition in the canopy compared with that in the litter may change over time [13] . ese soils are formed in places such as cracks, on branches, in tree bark, and in epiphytic associations, and they temporarily delay the organic matter from getting onto the surface of the soil [14] . ey are also a substrate for vegetation, providing a greater variety of epiphytic vascular plants. e greatest variety of epiphytes is observed in the zone of accumulation of air litter compared with the crown and tree bark [15] . e roots of tropical epiphytes usually experience extreme fluctuations in the presence of moisture. ey typically occur in small pockets of the soil where tree branches join trunks, in bark crevices on trunks, or on bare limbs, all of which have sites that dry more quickly than the soil of the forest floor [16] . Suspended soils in the forest canopy experience larger temperature and humidity changes than in the forest litter [17] .
ere are several adaptations through which the aerial roots of epiphytes can limit water loss to the dry air and still rapidly refill to permit water uptake during rainfall [18] .
Suspended soils occur mainly in the tropical forests. According to the Food and Agricultural Organization (FAO), the area of tropical forests is estimated to be 1756.3 million hectares, which is about 37% of the land area of countries located in the tropical belt. erefore, studying the structural and functional organization of these forest formations is important for a global quantitative assessment of their role in the deposition and emission of carbon [19] . Additionally, suspended soils are not considered to be part of special soil taxa in the world reference base of soil resources (WRB, 2014), and they are not discussed as possible sources of, and storage for, humic substances. ey are also not included in the list of possible indicators for interpreting ecoclimatic conditions in tropical forests [20] .
An important feature of tropical forests and monsoons, in particular, is associated with the inherent specificity of the substance cycle. ey significantly exceed other ecosystems in the intensity with which they bind carbon and other biogenic chemical elements (including that in the organic mass). e cycles here are so intense and closed that the conservation of carbon in detritus, humus, and peat accumulation is insignificant. In the long term, formation and decomposition of organic matter, and thus absorption and release of carbon dioxide, are balanced. In contrast to tropical forests, carbon is preserved for a longer time in nutrient matter in the form of forest litter, humus, and peat in boreal (northern) forests [21] .
e tier structure of monsoon forests is distinctive. Herbaceous and shrubby tiers are significantly reduced because of a lack of light. However, the upper tiers are highly developed, having a complex spatial structure and huge ecological capacity. In addition to the trees, there are abundant lianas and epiphytes, clusters of hanging soil and litter, and even a multitude of microvagos with a rich and specific microworld. In this complex mosaic of microbiotopes, the bulk of the animal diversity is concentrated [22] . e nature of the "air" litter, its accumulation, formation, and subsequent transformation depend on the amount of litter, its composition, time of arrival, geographic conditions, species composition of forest-forming species, age and stratification of the plantation, the closeness of forest canopy, and development of soil biota participating in the decomposition of litter [23] . Additionally, the composition of the epiphytes depends on the substrate (bark) characteristics, which are correlated with the characteristics of terrestrial soils.
e mechanisms of connection between the soil and bark chemistry are unknown, but several explanations can be postulated. Of these, an impact of the soil on the bark through transportation of nutrients from the tree roots to the bark seems most likely. Because bark chemical factors are important for epiphytic species, soil properties might affect the composition of the epiphytic vegetation [24] .
It was shown previously that suspended soils contain a higher content of total nitrogen, phosphorus, and potassium and have a significantly lower moisture content compared with the forest soil. Higher levels of nutrients in the canopy system are explained by differences in the intake of coarsegrained wood waste (but not foliar litter) combined with a decrease in nutrient uptake by roots and less mobilization of nutrients by detritus and fungi [13] . e limited amount of humidity in the canopy system may have contributed to a reduction in weight loss, as well as a lower abundance and richness of oribatide mites, in garbage bags placed on the suspended soil under the canopy.
A study of the structural composition of humic substances in suspended soils has not previously been performed. us, our study aimed to evaluate the humification rates and structural composition of humic acids in the suspended soil in the tropical forest of South Vietnam.
e objectives of this study were as follows:
(i) To characterize general soil properties and elemental composition of suspended soils (ii) To evaluate humic substance chemical composition using solid state 13 C-NMR
Materials and Methods

Study Sites.
e study site was located on Phú Quốc Island (South Vietnam) in 2015. is island is situated close to the Cambodia coast and encompassed a total area of about 589 km 2 ( Figure 1 ). e main area of the island is occupied by ridges that are covered by dense forests. e highest ridge peak is Chua mountain, which is 603 m above sea level.
e climate is subequatorial and humid throughout the year, and the relatively dry period is short (January-February). Annual precipitation is 2879 mm, while on some northernmost ridges this value reaches 4000 mm. April and May are the hottest months, with a maximum temperature of about 35°C. e national park is situated in the northern part of the island. e main difference between the island and the main part of South Vietnam is the increased density of the forest canopy and the total area, which is occupied by forest types of environments. We took samples and investigated three soil samples (Figures 1 and 2 ): (1) the soil under phorophytes, which is the mineral soil represented by samples of the topsoil from the typical dry savanna landscape, and (2) and (3) soil samples of epiphytous formations from the same dry savanna formation. Samples of the savanna-type soil were collected in sparse communities located on oligotrophous plains. Samples of suspended soils with a total mass of about 100 g were collected with the fixation of the epiphyte and phorophyte plant species. Additionally, the soil from under phorophytes was also collected. Samples were air-dried. ere are six species of epiphytes that actively take part in the formation of the suspended soils: two orchids (Acriopsis sp. and Cymbidium fynlaisonianum) and four ferns (Drynaria sparsisora, Platycerium grande, Pyrrosia adnascens, and Pyrrosia longifolia). Dry savannas, located close to the Cua-Can settlement, form a narrow environment that is oriented along the sea shore. is ecosystem is dominated by Dipterocarpus aff., tuberculatus Roxb., and Dillenia obovata (Blume) Hoogland, which is characterized by rough bark and is favorable for epiphyte inhabitation. e tree stands were relatively sparse with weakly developed grass cover and well-presented areas of sand with no vegetation. Many of the trees were colonized by vascular plants from the semiparasitic Loranthaceae family. In more humid locations (close to the streams and ponds), the fern creepers such as Lygodium sp. and Stenochlaena palustris (Burm. f.) Bedd, as well as Dicranopteris linearis (Burm. f.) Underw. (Gleicheniaceae), became more typical. e dry savanna is next to the coast and it is separated from the coast line by a series of sandy dunes, which are colonized by prickly bush vegetation and representatives of the species Ipomoea pescaprae (L.) R. Br and Casuarina sp. Single trees (Calophyllum inophyllum L. and Terminalia catappa L.) are also present. e dune surface is also covered by tuberous aroides of the Amorphophallus spp.
Laboratory Methods.
All chemical soil parameters were studied using the fine soil that was passed through a 2 mm sieve. Total organic carbon and nitrogen content were determined using a C-H-N analyzer.
e pH values were Applied and Environmental Soil Sciencedetermined using routine methods in a water suspension. e main physicochemical parameters of the suspended soils were estimated as follows: pH in water, pH in salt, total organic carbon (%), skeleton fraction (%), and basal respiration (mgCO 2 /g soil/h). Basal respiration of soils was determined by incubating soil material in a closed chamber for 10 days without adding nutrient substrates at a temperature of 22°C and a humidity of about 60%. e liberated carbon dioxide was captured with a solution of NaOH. e amount of carbon dioxide released was determined by titrating the alkali residues at the end of the experiment [25] .
HAs were extracted from each soil sample using a previously published procedure [26] [27] [28] . Briefly, HAs were extracted using 0.1 M NaOH (soil/solution ratio 1 : 10) under nitrogen gas. After shaking for 24 h, the alkaline supernatant was separated from the soil residue by centrifugation at 1516 ×g for 20 min, and it was then acidified to pH 1 using 6 M HCl to induce HA precipitation. e supernatant, which contained the fulvic acids FAs, was separated from the precipitate (HAs) by centrifugation at 1516 ×g for 15 min.
e HAs were then redissolved in 0.1 M NaOH and shaken for 4 h under nitrogen before the suspended solids were removed by centrifugation. e HA solution was acidified again with 6 M HCl to pH 1, and the HAs were separated by centrifugation. is procedure was used in previous studies for characterization of soils of various environments [29, 30] . e HAs were demineralized by shaking overnight in 0.1 M HCl/0.3 M HF (solid/solution ratio 1 : 1) and then repeatedly washed with deionized water until pH 3 was reached; they were then freeze-dried [31] [32] [33] .
HAs were characterized for their elemental composition (C, N, and H) using a Euro EA3028-HT analyzer. Data were corrected for water and ash content. Oxygen content was calculated by the difference between samples, taking into account the ash content. e elemental ratios reported in this paper are based on weight. HAs were characterized for their elemental composition (C, N, H, and S) using a CHN 185B-Hewlett Packard analyzer. Data were corrected for water and ash content. Investigations were performed using an NMR spectrometer (Bruker Avance III WB 400; 100.64 MHz for 13 C and 400.23 MHz for 1 H). Solid-phase samples were placed in a 4 mm zirconium oxide rotor and spun at a frequency of 12.5 kHz at the magic angle; for acquisition of 13 C spectra, cross-polarization sequence of excitation pulses was used (CP/MAS). e contact time was 2 ms, the delay time was 1 s, and the number of scans was 50,000.
Groups of structural compounds were identified using the following chemical shifts values: 190-170 ppm for the carboxyl group and amidic carbonyl; 170-150 ppm for the aromatic C of phenols and phenol esters; 150-135 ppm for the alkylaromatics; 135-108 ppm for the protonized aromatic carbon, bridgehead C; 108-70 ppm for the cellulose anomeric carbon and hemiacetal carbon; 70-50 ppm for the resonance region of C-H bonds, secondary alcohols, and other carbon atoms bound to oxygen; 50-32 ppm for the methyl group resonance region of aliphatic and aromatic ethyl ethers, amino acid carbons, and methyl esters of carboxylic groups; 32-27 ppm for the resonance region of quaternary carbon and CH carbons; 27-10 ppm for the resonance region of CH 2 alkyl structures in transconformation; and 10-0 ppm for the resonance region of alkyl methyls and CH 2 units [33] [34] [35] [36] [37] .
e aliphaticity degree was calculated as the sum of intensities in chemical shift area 0-105 ppm, while the aromaticity degree was calculated as the sum of the peaks in 105-165 ppm area [38] [39] [40] [41] . 
Results and Discussion
General chemical characteristics of soils are shown in Table 1 . e pH of the soils under phorophytes was higher. Humus in suspended soils had a very low pH compared with terrestrial soils, and the acidic nature of this substrate may have a profound effect on within-mat nutrient dynamics. For example, the lack of nitrification in canopy mats documented by Vance and Nadkarni [42] may be a result of the low pH of the crown humus, which is similar to other peat-dominated soils [25, 43] . A greater amount of undecomposed organic matter, compared with the mineral part in suspended soils, causes a stronger acid reaction. is is because of the slow transformation of organic acids to humic substances. According to Bohlman et al. [17] , the turnover time of detritus in the canopy has been documented as nearly twice as long as the litterfall on the forest floor. Dry conditions could affect the density, composition, and life cycles of organisms responsible for decomposition processes. e rapid loss of water depends on the structure and composition of suspended soils (fibrous and composed mainly of litter of bryophytes), as well as the lack of connection with mineral (moisture saturated) horizons. e suspended soil is also exposed to different microclimatic conditions compared with the terrestrial soil, which could explain the greater extremes of the moisture range. During the day, greater wind speeds, higher air temperatures and solar radiation, and lower humidity in the canopy promote more evaporation of water from the suspended soil compared with the terrestrial soil. Despite the differences in forest floor and canopy microclimate, differences in the temperatures of suspended and terrestrial soils are minor [17] . Basal respiration did not tend to change indices in soils under phorophytes or in suspended soils. e results showed a high level of microbial biomass activity, which is associated with a large amount of initial material in soil samples. e suspended soil is less enriched by nitrogen than soils under phorophytes. is can be related to the total amount of organic matter exposed to humification in various soils and to the presence of an essential portion of mineral particles in the soil from under phorophytes.
To characterize the changes in HA structure, the degree of oxidation, calculated as the atomic ratio of oxygen to carbon (O/C), is of particular interest. Data on the elemental composition of humic acids in the suspended soil are listed in Table 2 . Additionally, an important indicator is the hydrogen to carbon (H/C) ratio, characterizing the degree of aromaticity or unsaturation (at low values) or aliphatic structures (at high values). Aromatic or unsaturated fragments are predominated in the test samples (H/C < 1). A more reliable indicator, correlating with aromaticity, is U-unsaturation, because the H/C ratio takes into account the presence of multiple carbon-heteroatom bonds in the composition of functional groups [44] .
When the nitrogen content in the investigated HA was analyzed, the requirements for the diagnostic features of the HA according to Orlov [45] were satisfied; these diagnostic features state that the nitrogen content should be from 3 to 6 gravimetric percent. Humification of plant residues caused a decrease in both the H/C and O/C ratios. us, these values are typical for the average standard HAs [46, 47] . Data on elemental composition of the HAs indicate that one method of humification is implemented in all three soils investigated.
Data on humic acid structural composition and carbon species content are presented in Table 3 and in Figure 3 . e most evident was that humic acids, extracted from all suspended soils, are fairly equal in terms of carbon species distribution and main fraction content.
e soil under phorophytes is characterized by the same aromatic fraction content. In both phorophyte and suspended soils, the microcosm for humification is aerated enough for relatively intensive humification. If one compares the soils investigated with soils of various natural environments, soils investigated will present an intermediate version between soils with a large degree and small degree of humification. Aromatic compound content is higher than in tundra or taiga soils, but lower than in Mollisols [3, 8, 38, 46] . e most comparable soil type in terms of humic substance composition is the Cambisol soil from humid forests in subboreal and subtropical zones. is type of ratio between aromatic and aliphatic compounds is typical for the soil with prevailing humic conditions that are interrupted from time to time by dry periods [48] .
e humification process is implemented in suspended soils with evident absence of mineral compounds or mineral fine earth, which indicates that humification in conditions of pure organic substrates can result in formation of deep humified organic matter that is represented by humic acids with an essential aromatic fraction content.
Conclusions
A study of the structural composition of humic substances in suspended soils was performed for the first time. Samples included the soil from under phorophytes (the mineral soil represented by samples of the topsoil from the typical landscape of a dry savanna) and two soils from epiphytous formations from a savanna-type in sparse communities, which are located on oligotrophous plains in Phú Quốc Island (South Vietnam). Samples were collected in 2015. Our results show that the pH of the soils under phorophytes is higher, which is consistent with data from other studies, and that it depends on a greater amount of undecomposed organic matter compared with the mineral part in suspended soils, which causes a stronger acid reaction. is is because of the slow transformation of organic acids to humic substances. A greater amount of undecomposed organic matter, compared with the mineral part in suspended soils, causes a stronger acid reaction. Additionally, suspended soils are less enriched by nitrogen than soils under phorophytes. Basal respiration, which indicates a level of activity of microbial biomass, did not tend to change in soils under phorophytes compared with suspended soils. In all three soils investigated, one method of humification and the nitrogen content satisfy the requirements for HA diagnostic features.
e structural composition of the humic acids extracted from all suspended soils is almost equal in terms of carbon species distribution and main fraction content. e soil under phorophytes is characterized by a larger aromatic fraction and smaller portion of aliphatic groups, and it was shown to have an H/C ratio < 1. is can be explained by the higher degree of humification in more aerated pedoenvironments of the soil under phorophytes where organic remnants are surrounded by minerals. e aromatic compound's content is higher than in tundra or taiga soils, but lower than in mollisols. Soils that we investigated were an intermediate version between soils with a large amount and soils with a small amount of humification. e most comparable soil type in terms of humic substances composition is Cambisols from the humid forests in subboreal and subtropical zones. We showed, for the first time, that formation of deep humified organic matter with an essential aromatic fraction content can be implemented during the humification process in suspended soils with evident absence of mineral compounds or mineral fine earth in conditions of pure organic substrates.
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